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- This invention relates to a novel etching solu-
tion and process for preparing the surface of
metals and metalloids such as germanium and
silicon for use in semiconductor devices such as
rectifiers and transistors.

In such devices, the most desirable character-
istics are obtained only if the germanium sur-
face is given a suitable preparatory treatment.
This treatment involves cutting a section, as for
instance a wafer, from an ingot of germanium,
grinding the surface to a dull gray finish with a
suitable wet abrasive powder, washing and dry-
ing the surface, and then etching the surface in
a suitable etchant solution until the dull, lustre-
less gray appearance has been replaced by a sur-
face having a sharply delineated grain struc-
ture and a metallic lustre on the grain surfaces.
Suitable electrodes are then applied to the treat-
ed surface. 'The device is then subjected to an

electrical “forming” operation well known to -

those skilled in the art.

The etchant sclution used in this treatment has
a considerable effect upon the characteristics of
the finished device. Prior to this invention, an
etchant solution commonly used was an aqueous
solution of nitric acid, hydrofluoric acid and
copper nitrate. In my experiments, I have dis-
covered an etching process and solution that pro-
vides an etch on the surface of metal and metal-
loid bodies, such as germanium and silicon, which
is far superior to that accomplished by the solu-
tion described above, as will be hereinafter shown.

Accordingly, an-object of this invention is to
provide an improved process for preparing the
surface of a body of germanium for use in a
semiconductor device by etching said surface in
an aqueous solution of hydrofluoric acid, nitric
acid, and silver nitrate. :

A further object of this invention is to provide
an improved etching solution, the essential in-
gredients of which comprises an agueous mix-
ture of hydrofluoric acid, nitric acid, and silver
nitrate.

The aqueous solution of hydrofiuoric aeid, nitric
acid and silver nitrate may be used effectively
for etching germanium in a considerable range of
proportions and dilutions. The etching solution
of this invention comprises the following range
of ingredients by weight; from 50% to 86% by
weight of water and from 149% to 50% by weight
of acid, the acids being present in ratios of hydro-
fluoric acid (HF) to nitric acid (HNOs3) of from
6:1 to 1:16 by weight, and silver nitrate being
dissolved in the aqueous acid solufion in an
amount of at least 1% of the weight thereof.
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Convenient commercial sources of the ingredi-
ents of the etching solution, as received from a
supplier, are usually 48% to 50% hydrofiuoric
acid by weight having a specific gravity of 1.15;
concentrated nitric acid which contains 70% to
729% by weight HNOsz with a specific gravity of
1.42; and distilled water in which there has been
dissolved a suitable weighed amount of silver
nitrate.

Etching solution formulations giving good
results have been made up having the following
ratios in parts by volume using agqueous acid
solutions as received from the supplier:

HF(50%) :HNO3(70%) :H20=4:2:4

HF(50%) :HNO3(70%) :H20=3:3:4
HF'(50%) :HNO3(70%) :Hz:0=2:4:4

- To each of the above three sclutions was added
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7 ly delineated grain boundaries.

an aqueous solution of silver nitrate to provide
0.200 g. of silver nitrate per 10 ml. total volums
of aqueous acid solution.

A germanium body upon being immersed for
one minute in any of the abkove etching. solu-
tions had a brilliant specular surface with sharp-
When viewed by
reflected light, some grains appeared light while
others appeared dark. When the angle of the
surface or the angle of the incident light was
changed, the bright and dark areas were reversed.
This characteristic is termed metallic lustre.

The extent to which the total mixed acid vol-
ume, as received from the supplier, may be di-
luted with water ranges from 8 volumes acid: 2
volumes water to 5 volumes acid: 20 or more vol-
umes water. The etching time required increases
with the dilution. The practical limitation of
dilution is reached when silver deposited on the
ge?énanium surface fails to redissolve in the mixed
acids.

The silver nitrate may range from its maximum
solubility in the diluted mixed acids down to ap-
proximately 0.10 g. in a total volume of 10 ml,,
such last concentration being approximately 1%
by weight. Below this value, especially at ap-
proximately 0.05 g. and less per 10 ml. of a mixed
acid solution, the depth of etching becomes too
great even in a short time of 15 seconds.

The ratio of concentrated hydrofluoric acid
to nitric acid by volume, as received from the
supplier, may be varied from 9:1 to 1:9 if diluted
with the proper amount of water to keep the
action at a reasonable speed, in other words, to
p:tt;'oduce‘ the desired etched surface in one min-
ute. -
Immediately upon removal from the etching
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solution, the eiched germanium- body is

thoroughly washed and dried, as by washing it

in a running stream of cold water and then dry-
ing in an air blast.

It was found that the germanium bodies etehed
in the above manner gave a much sharper etch
than the germanium bodies etched in the con-
ventional hydrefluoric acid, nitric acid and cop-
per nitrate solutions. With the silver nitrate as
an additive, the crystal surface of the germaniunt
body presented a number of facets all of which
give Miller indices of (111). This was 1ot true
with the conventional etching solution hitherto
known, having copper nitrate as an additive.
The copper nitrate etchant gave Miller indices
of {111) only when the surface being etched was
approximately a (111) surface prior to immier-
sion.

Tt has also been discovered that a germanium

body etched with a solution having copper ni-
trate as an additive causes a far greater rate of
decay of minority carriers than does a germaniuim
body etched with a solution having silver as an
additive. This means that when holes are in-
jected into an N-type germanium sample, they
will last much longer if a solution with silver
nitrate as an additive has been used, than they
would if copper nitrate had been used. Thus,
it follows that an emitter in o transistor will be
more efficient. when a silver nitrate etchant is
used than when a copper nitrate etchant is used.

Further, it has been found that germanium
etched with a solution having silver nitrate as
an additive provides o microscopie roughness on
the surface of the germanium body which is not
obtained with an efching solution having copper
nitrate as an additive. With this added degree
of roughness, contact probes used in making up
a transistor device do not have a tendency to
slide on the surface of the treated germanium
body.

While the etching solutions and process dis-
closed herein are particularly directed to treat-
ing germanium, it is to be understood that they
are equally applicable in treating silicon.

The description of the invention akove is in-
tended to be illustrative of and not in limitation
on the scope of the invention.

What is claimed is:

i. The process of preparing the surface of a
body of germanium for use in a semiconductor
device which comprises etching said surface in
an agueous solution of hydrofluoric acid, nitric
acid, and silver nitrate, and then washing said
etching solution from said surface.
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2. The process of claim 1 wherein the propor-
tions of ingredients present in 100 parts by weight
of etching solution comprises a mixture of from
509 to 869 by weight of water and from 14%
to 50% by weight of acids, the acids being present
in ratios of HF to HNO3z of from 6:1 to 1:16 by
weight, and silver nitrate being dissolved in the
solution in an amount of at least 1% of the weight
of the aqueous acid solution.

3. A solution for etching the surface of a semi-
conductor body in preparation for use in a semi-
conductor device in which 100 parts by weight
of the solution is an agueous acid mixture com-
prising 50% to 86% by weight of water, and

' 149% to 509% by weight of acids, the acids being

hydroflucric acid and nitric acid, the ratio of
HF to HNO3 varying from 6:1 to 1:16 by weight
and silver nitrate being dissolved in the solution
in an amount of at least 1% of the weight of
the aqueous acid mixture.

4. In the process of preparing the surface of
a. body of germanium for use in a semiconductor
device, the surface having substantially no por-
tion with oriented Miller indices of (111), com~
prising etching the surfaces in an aguesus solu-
tion comprising a mixture of from. 50 to 86% by
weight of water and from 149 to 50% by weight
of acids, the acids being present in ratios of HF
to HNGQs; of from 6:1 to 1:16 by weight, and silver
nitrate being dissolved in the solution in an
amount of at least 1% of the weight of the aque~-
ous acid solution, the etching being out for &
period of time of the order of 15 seconds o one
minute whereby the surface comprises g large
proportion of facets having Miller indices of
(111), and then washing the eitching solution
from said surface.

5. A germanium crystal having an etched probe
surface with mieroscopic roughness derived by
the process of claim 4.

6. A germanium crystal having an etched sur-
face cut from the crystal at an orientation other
than at a Miller index of (111), the etched sur-
face comprising a. large proportion of facets hav-
ing Miller indices of (111), thereby being of mi-
croscopic roughness improving ifs cooperation
with contact probes.

RICHARD H. WYNNE, J=r.
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